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To compare the relative effectiveness of assortative and 
random mating in a population under selection. 
To compare the relative effectiveness of selection on an 
index of family and individual phenotypes in conjunotion with assortative 




Experimental and theoretical studies of selection have usually 
been concerned with selection in conjunction with random mating though 
some interest has been shown in the use of inbreeding with selection (e.g. 
Lerner, 1 950). 
Recently two studies have drawn attention to the possibility of 
an improved effectiveness of selection by the use of positive phenotypic 
assortative mating with selection (Breeze, 1956; James and McBride, 1958). 
This suggestion is further supported by Reeve (1953) who showed that the 
effect of assortative mating was to increase the variance between mid-
parental values and thus to increase the variance between offspring family 
means. This places assortative mating in a category analogous to most 
of the aids to selection used in animal breeding since these, by weighting 
family means, give an increased effective variance between family means. 
It does not appear to be generally recognised that selection is 
an inbreeding process, the intensity of which is governed by the relative 
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sizes of the between and within family variances and the selection differ-
ential, Nevertheless the so-called "genetid' history studies of breeds 
of domestic animal. (e.g.) Yoder & Ivsb (1937). WilTha* (1937) and tush 
& Anderson (1939) and particularly the pedigree studies made of closed 
population, under selection (Lerner & Hazel, 1947) have shown clearly 
the effectiveness of selection in the elimination of pedigrees leading 
to most individual, used a few generation. previously. Lamer (1950), 
P. 1809 discussing this phenomenon wrote, "Pasily selection, rather than 
selection on an individual basis is responsible for the rapid elimination 
of ancestors. The consequence, are rather difficult to assess precisely. 
It may only be concluded at this point that chance must play a reasoiwbly 
significant role in the process under discussion even though its effects 
do not seem to be reflected in the computed gains". James and McBride 
(1958) on the other hand accepted that selection would give rise to changes 
in the proportion of genes in a population derived from different ancestors 
and pointed out that theee changes would be largely regal-pr o Irregular 
changes arising from the effects of chance, non-additive genetic variation 
and different aims of selection at different time.. 
In a study of the spread of genes from foundation members of a 
poultry flock under selection, they showed that three of the foundation 
sirs. contributed 36% of the genes in the flock four years later and that 
a further 10% of the genes cams from a single female which was mated to 
one of these cock,. They showed further that this spread of genes from 
foundation males was 75% determined by the best estimate of their geno-
types; thus the inbreeding effect seemed to be an integral part of the 
process of selection. 
3 . 
Probably selection may be looked at as a continuing migration 
pattern within the selected population. Each generation the genes of 
superior ancestors are spread more widely by the use of their superior 
offspring. This process may be traced for a few generations by the use 
of pedigrees after which each member of a generation will be descendants 
of the same array of ancestors so that further changes cannot be detected. 
Since assortative mating involves pairing between extreme males 
and females and a greater differentiation between the progeny families, 
the intensity of this migrationor spread of genes, pattern is potentially 
increased. 
Rendel & 1 obertson (1951) effectively drew attention to this migra-
tion process in their division of the selective processes from generation 
into the selection of males to breed males, males to breed females, females 
to breed males and females to breed females. Even if random mating occurred 
within these two levels of selected animals of each sex, a positive corre-
lation between mates, that is, assortative mating would occur among the 
parents of female progeny. The migration pattern in such a selection is 
evident from the fact that the best males and females would leave sons and 
daughters while the second selected class would leave only daughters. 
Since anything which increases the variance between families should 
increase the inbreeding effect of selection, assortative mating, and for 
that matter any type of family selection should increase the rate of in-
breeding during selection. 
In any comparison between the use of assortative mating and random 
mating, in selected populations, one would expect that the greater the 
accuracy of the assortative mating genetically, the greater would be the 
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difference, if any, between the response to selection under the two systems. 
One method of obtaining estimates of individuals' genotypes which 
are more accurate than the individuals' own phenotypes is the UBS of an 
index which takes into account the family mean as well as the individuals' 
own phenotype. The use of such an index is commonly recommended in animal 
breeding as an aid to selection (.g. Lush, 194.5; Lerner, 1950). Thus 
one would expect that the use of such an index would give rise to a greater 
response to selection, a more efficient assortative mating genetically and 
a high level of inbreeding. 
(b) Selection. 
A number of long term selection experiments using Drosophila 
melanogaster have been carried out in recent years. Mather & Harrison 
(1949) selected for abdominal chaotae from the F2 of a cross between an 
inbred line and a mass cultured line using a small population size, four 
males and four females per generation and a selection intensity of one in 
ten. Clayton et al (1958) selected flies of this species for the same 
character from a large stable base population using a population size of 
20 of eaoh sex each generation and a variety of selection intensities with 
the maximum being one in five. The significant feature of both of these 
experiments was that a steady response to selection was obtained for about 
20 generations in the high ohaotae number lines, after which the response 
to selection ceased. Mather & Harrison (1949) obtained further responses 
to selection at later stages in three of their lines though this was always 
proceeded by a long period of stability. This period of failure to res-
pond to selection was also observed by Clayton & Robertson (1957) who 
carried five high selection lines to from 32 to 34 generations. 
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Similar results were also obtained by Robertson & Reeve (1952) for 
thorax length in one strain and wing length in two strains of this species. 
In none of these oases were detailed pedigrees kept. 
This pioture of a response to selection for approximately twenty 
generations followed by a period of stability seems then to be a general 
one. Thus in any selection programme we are concerned with these two 
features, the response to selection and the level of the "plateau". 
Basically the response and plateau" in any line under selection 
will be determined by the sample of genetic material available in the base 
population and any losses occurring during selection. In the base popu-
lation, the potential of a line will be affected by the number of genes, 
the magnitude of their effects, their frequency, their relationship with 
other fitness characters and their linkage relationships with other genes 
of positive and negative effects. 
In an animal improvement problem, we are concerned with sampling 
adequately all of the potentially useful genetic material in the population 
or even the species. In a selection pro ,ramme oonoerned with investigating 
differences between treatments we are only concerned with ensuring that 
from any given base population, the sampling of lines for different treat-
ment is relatively unaffected in both response and "plateau" level by the 
ohoioe of different samples from such a foundation. 
Similarly, since population size may effect both the rate of response 
to selection (after the initial generations) and the level of the "plateau" 
if the inbreeding lose of variability is appreciable, the actual population 
sizes in any lines receiving different treatment should be equal. It has 
been pointed out above that this does not mean that such lines would have 
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equal effective population sizes; in fact, the effect of various treatments 
on the relationship between actual and effective population sizes is of 
some interest in selection studies. 
An alternative approach to this problem of base population sampling 
for selection treatment comparisons was that of Clayton et al (1957) who 
used five replicates in each treatment. They also stabilized the actual 
population size during selection by selecting 20 pairs out of 25, 50, 75 
and 100 measured pairs in their different treatments. Since these were 
mass mated, there was no direct information available on the effective 
population sizes in these four selection intensity treatments. 
If assortative mating affects the effective population size by 
increasing the rate of inbreeding, one might expect that a more intense 
inbreeding would cause a greater degree of fixation of genes during selec-
tion. If minus genes affecting bristles were fixed in lines because of 
a greater rate of inbreeding, one might expect that the more rapid response 
to selection in any comparison might be associated with a lower plateau. 
Some evidence of this type may be found in the "Monte Carlo" type of selec-
tion experiments involving different intensities of selection. (Cockerham 
& Martin, 1 958). 
(c) Assortative Mating. 
Assortative mating has been a relatively neglected field of 
study in quantitative inheritance. Further, where studies have been made, 
different workers have given slightly different meanings to the term assort-
ative mating. No work has been carried out on the use of assortative 
mating in conjunction with directional selection. Wright (1921) used 
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path coefficients to study the effects of mating an unseleoted popula-
tion asaortatively. He dealt with the problem in terms of the number 
of genes affecting the character and his conclusions were that as aorta- 
tive mating would give rise to an increased variability in the popula-
and 
tion,some increase in homozygosis when the number of genes was small 
and the correlation between mates was nearly perfect. The small increase 
in homozygosis arose because some of the genetic correlation between mates 
was due to alleles within a locus and some to genes with similar effects 
at different loci. The genetic correlation achieved between mate (in) 
was shown to be equal to rsh2 where rSD  is the phenotypic correlation 
between mates and h2 is the heritability. Under his conditions of mating 
an unselected population assortatively over a number of generations, the 
increase in variation was large since at the extremes of the phenotypio 
range there is effectively selection in both directions. A value of 
in = 0.5 would be sufficient under those conditions to reaoh a genetic 
variance at equilibrium identical with that of the limiting inbreeding 
value of F = i.0 when the genetic variance would have increased to 26 
(F is the coefficient of inbreeding). Higher values of in under these 
conditions would allow still greater variability at equilibrium though 
extremely high values of in are, in practice, difficult to obtain. 
This increased variance between families in a population is the 
result of a greater variance between midparental means and the effect 
is largely achieved in the first or second generation of assortative 
mating. 
Reeve (1953) showed that one consequence of this increased mid-
parental variance and between progeny family variance was that, for a 
model involving additive gene action, estimates of heritability with low 
error variance could be obtained from parent offspring regressions. He 
used the term assortative mating in two senses, the first involved the 
mating of an unselected group of males and females assortatively and the 
second involved the choice of parents (as opposed to selection) to ensure 
a wide range of midparental values • This latter method gave relatively 
sensitive heritability estimates thus reducing the amount of labour in 
this type of routine study. 
Breeze (1956) extended this examination of the effects of assor-
tative mating, again for a model without selection, to a consideration 
of the additive and nonadditive components of genetic variation. He 
used the technique of Mather (199) to subdivide the variation in a 
quantitative character into fractions due to the additive or fixable 
component, a component due to dominance deviations and a fraotion due 
to non-heritable variation (D. H and E respectively). 
He seems to have been the first to realise the significance of 
the increase in the genetic variance between families as a potential 
tool in animal and plant selection. The same conclusion was reached 
by James and McBride (1958) from quite a different type of evidence. 
They found that the spread of genes from female ancestors in a poultry 
flock under selection was determined more by the breeding value of the 
male to which they were mated than by their own breeding values, appar-
ently duo to the better identification of the breeding values of males 
than females in poultry. 
To date, no theoretical study has been made of the oombined 
effects of selection and assortative mating. This is not surprising 
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in view of the complexity of the problem even under relatively simple 
assumptions about the nature of the genetic variation. Such assump-
tions are not likely to be valid after the first few generations of 
selection even for relatively simply inherited characters as sternital 
ohactae number in Drosophila relanogaster (Clayton et al, 1958). 
A preliminary comparison (unpublished) was made between the 
effects of positive and negative assortative mating and random mating 
to provide evidence upon the change in the variability in sternital 
bristle score (4th and 5th segments) in Drosophila melanogaster under 
these mating systems. Three lines were drawn from a single group of 
10 full sib families and an identical pattern of rotational mating was 
practised in each line so that the pedigrees of the families in each 
line in each generation appeared identical and led back to the same 
original sib families in the same way. Because of this form of stan-
dardising the descent from the base population, the assortation, posi-
tive and negative, was practised on a within family basis, that is, 
using only one half of the genetic variation. No selection was prac-
tised and no replicates were kept. 
The within generation analysis of variance for nine generations 
is shown in Table 1. 
Table I • A comparison of variances and intraclass correlations from 
three systems of mating (sternital ohaotae). 
Between full Total Full sib sib family 	variance Component. correlation 
Assortative mating 	+ve 5.53 12.77 0.434.t0.158 
Random mating 3.01 11.55 0.2610,068 
Assortative mating - ye 1,73 10.24 0.16910.083 
10. 
While the differenoes in total variance were not significant they 
suggested that total variances may be affected by assortative mating and 
in a selection programme this would give rise to increased selection cuff-
ferentials • The differences in family components of variability and 
full sib oorrelctions supported the suggestion of Breeze (1956) that the 
use of asortative mating may prove a valuable aid to selection. 
ci. The Experiment. 
In the absence of a theoretical examination of the effects 
of assortative mating with selection, it was decided to compare assor- 
tative with random mating in a selection experiment for abdominal ohactae 
(4th and 5th sternites) in Drosophila rnelanogaster. 
The comparisons were made in paris, each derived from a single 
base population, sampled to reduce the effect of the base population on 
the subsequent behaviour of the selected line. The method of sampling 
is described below (3b). 
Within any pair of lines, an attempt was made to keep selected 
population sizes the same by the preparation of reserve matings in each 
generation. 
Two comparisons were made based upon selection and assortative 
mating on individual phenotype (mass selection with and without a corre-
lation between mates). A third comparison was made using an index of 
family and individual merit (Lush, 1947) as the basis for selection and 
assortative mating. Since no experimental evidence was available on 
the effectiveness of selection on suoh an index, the experiment made a 
comparison between index and individual selection possible. In this 
11. 
oomparison, however, a single base population was not used so that the 
sensitivity of the comparison may have been lowered. 
Because a higher rate of inbreeding was expected with index selec-
tion, it was decided to use a larger population size, twenty full sib 
families of ten males and ten females compared with ten full sib families 
in the other comparisons. 
The work on selection in Drosophila melanogaster of Mather and 
Harrison (194.8) and Clayton and Robertson (1957) on this character and 
of Robertson & Reeve (1952) on wing and thorax length suggested that the 
"plateau" phase of selection should be readily recognised. It was there-
fore decided to continue the selected lines until this stage was reached. 
Differences in the level at which response ceased might be expected in 
lines drawn from a similar base population by chance or if the use of 
assortative mating gives rise to greater inbreeding during selection. 
IV Material and Methods 
(a) The Stocks. 
The Kaduna strain of Drosophila mel:tnogaster was used in these 
experiments. The detailed history of this strain has been adequately 
described by Clayton et al (1956). Briefly the strain has been main-
tained at 250C at a size of approximately 5000 since 1949. Thus roughly 
130 generations of random breeding had occurred under these conditions 
before flies were sampled for this study. 
Three separate samples were taken at different times from the 
Kaduna cage to form base populations for the 0, D and F lines. 
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(b) The 0 Lines. 
The 0 or original sample was divided into full sib families 
and inbred slightly for 2 generations to a coefficient of 0.1 (actually 
0.0922). 
From ten full sib families, each of ten males and 10 females, a 
selection of the 20 males and 20 females with highest sternital bristle 
scores was made. This selection was divided so that the full sib fami-
lies from which the selected flies were drawn were approximately equally 
represented in each half and an equal selection differential was achieved 
in eaoh half. 
This form of sampling two lines from a single base population 
represented an attempt to minimise differences in the subsequent behav-
iour of the two lines under selection due to slight differences in the 
base population sample. 
One half as mated assortatively to give the ASO line and the 
other half of the selected group was mated at random to give the RSO 
line. Each generation ten males and ten females were scored from each 
of ten full sib families and selections were made to provide for 10 pair 
matings in the following generation. Thus a selection intensity of 
1/10 was attempted. 
All selection in all lines was praotised on ohacta score on the 
th and 5th abdominal sterriites. 
In order to ensure that ten successful matings were available, 
spare matings were made up eaoh generation. By generation twelve losses 
of matings had beoome so heavy and regular that the total number of matings 
made in each generation had reached 30, i.e. twenty reserve matings were 
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available in each line 1br the remainder of the experiment. Though the 
loss of two thirds of the matings seldom occurred, loss of 50% of the 
top twenty matings was common after generation ten. 
With assortative mating, this loss of matings did not seriously 
affect the correlation between mates since the whole thirty males and 
females were mated assortatively. In the random mated lines, however, 
the top 15 males and females were mated at random and the remainder 
provided another random mating level. Thus, if a loss of matings in 
the top 15 caused individuals of the second level to be used, a positive 
correlation between mates would be generated. If the loss of matings 
was particularly low, this method of dealing with the random mating 
lines led to a slight loss of selection intensity because the first ten 
matings would not necessarily represent the highest ten males and females 
since the first random mating level included the best 15 males and females. 
(a) The D Lines. 
Ten pair matings were made up from flies hatching from a 
sample of eggs taken from Kaduna cage to provide the base generation for 
the 1) or duplicate lines. Ten males and ten temals were scored from 
each and a selection of the highest scoring twenty males and females 
was made. This selected group as divided in half so as to give equal 
representation of each of the full sib families in each line. The assor-
tati'vely mated group became the A.S.D. line and the random mated line 
became the R.S.D. 
The two D lines were started at the same time as the 0 lines and 
the treatment of the two pairs of lines was identical in all respects. 
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(d) The F Lines. 
The F, or family selected lines were established when the 
o and D lines had reached generation 8 9 from twenty progen groups taken 
from fertilized females sampled from the Kaduna cage. Ten males and 
ten females were scored from each family and 4.0 males and 40 females were 
selected on the basis of an index of family and individual merit (sternital 
bristle score). This selected group was divided in the manner described 
for the 0 and D lines to form the APIS (assortatively mated family plus 
individual selected line) and the RFIS (random mated). 
The index used was of the type (Lush, 1945) 
I = P+WfPf 
where P is the individual's phenotype, f 
 the family average (both in 
terms of drviations from the generation mean and Wta  is a weL -hting factor. 
Lush (1947) provided a solution for the value of Wfa  which gave 
a maximum correlation between an individual's genotype and the index 
value. His expression for fa  is given as 
- 	n 	r-t 
fa - 1+(n-1)t 	1-r" 
where n is the family size, r   is the relationship between members of 
the family and t is the phenotypic correlation between members of a 
family, that is, 
2 	2 
t = r  +C 
Using the estimate of 0.52 for the heritability of this character in the 
Kaduna population (Clayton et al, 1959) and their value of 0.05 for C 2 , 
t for full sib families is 0.29 and for families of size lO W. = I itlt)• 
Since Dempster & Lerner (1947) showed that the use of the exact 
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value for Wfa  is not critical, it was decided to use the operationally 
more convenient 11, value of 1 .0. Such a drop in value could, in fact,fa 
be justified by the fact that in most generations, many of the families 
scored were related. 
The use of this type of index was shown by Lush (1 947) to 
increase the response to selection (AG) in the ratio. 
	
LI Gfa + i - 	 çn-i i(r'_t 2 
AG1 	
- 
+ (1-t)/1 + n-l)tj 
Substituting in this equation gives the ratio 1.075, that is, selection 
on the index should give approximately 7.5% greater response per generation. 
Since the index value represents a better estimate of the geno-
type than an individual's phenotypic score, mating assortatively on index 
values should be more effective than sample phenotypic assortetive mating 
as in the 0 and D lines. 
The sexes were selected separately on the same index using devi-
ations from the sex mean. For convenience, the family mean deviation 
from the generation sex mean was added to the scores of the individuals 
of the family. The index used was thus 
I = P+P+WfPfa 
where P is the generation sex mean and P and Pfa  are individual and family 
deviations from P. Wf, a = 1.0. 
In the F lines as in the 0 and D lines, spare matings were main-
tamed to ensure that twenty families were available for scoring each 
generation. From generation 7 onward, a total of 50 matings were made 
up in each line each generation. 
In all lines, all matings were made up on fresh food on the one 
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day and the generation interval was approximately three weeks. 
Since full pedigrees were available in all lines, inbreeding 
coefficients for each family could be computed and average inbreeding 
levels for each generation cbtained. The technique used for computing 
inbreeding was that described by Cruden (1949) and Emik & Tern U (199). 
(e) summary of selected lines. 
ASO 	Assortative mated selection line, 0 (original) base population. 
RSO 	Random mated selection line, 0 (original) base population. 
ASD 	Assortative mated selection line, D (duplicate) base population. 
RSD 	Random mated selection line, 1) (duplicate) base population. 
APIS 	Assortative mated, family plus individual index selected and 
mated line. 
RFIS 	Random mated, family plus individual index selected, 
The intensity of selection in lines ASO, }S0, ASD and RSD was 
10 Pairs/100 pairs while in AFIS and RFIS it was 20 pair/200 pairs, 
that is 1,110 selection intensity in all lines. 
IV Results 
(a) Base populations. 
Within pairs of treatments, some indication may be obtained 
of the efficiency of two lines sampling for minimum differences in two 
ways. The first is to examine the two populations after a few genera- 
tions to determine the contribution made by each of the original families 
to each line. The second would be to cross the two lines at the end 
of the experiment and select from the cross. 
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Both of these techniques were used in these experiments though 
the second will be discussed later. 
The first method uses the method of James & McBride (1 958) to 
determine the percentage of the genes in each pair of lines at gener - 
tion four derived from each family scored in the base generation. 
The results of this pedigree study are shown in Table 2. 
(b) Response to selection. 
The responses to selection per generation in lines ASO, RSO, 
ASD, and RSD are shown in Figure 1 • The same responses in terms of the 
cumulative selection differentials applied are shown in Figure 2 since 
this comparison gives a more realistic picture of what occurred in the 
lines, both in terms of the total amount of selection differential 
achieved in the different lines and the associated response. The use 
of this base enables a representation to be given of the response to be 
expected for different values of the heritability. Though these expeoted 
responses for two values of the heritability are plotted linearly, the 
effect of inbreeding in the different lines will cause the expected 
response to be curvilinear and different for each line. 
Figure 3 shows the response obtained in the F lines, per genera-
tion, per cumulative phenotypic selection differential and per cumulative 
index selection differential. Once again the expected response for an 
individual heritability of 0.52 is shown. The responses in Figures 1, 
2 and 3 are all given in terms of the means of the two sexes each gene-
ration. Since the ratio of male ohactae number to female number changed 
in some of the lines, these ratios for each line are presented in Figure 
4.. 
Table 2 	The percentage of genes in each line at 
generation 4 derived from families in the 
base population. 
o Base population 1 2 3 4 5 6 7 8 9 10 Families 
$age ASO 
0 0.63 0 0 4.5.0 11.25 13.75 6.88 0 22.5 
genes RSO 0 3.13 0 0 36.88 1.25 5.63 0 0 13A3 
B Base population 
1 2 3 4. 5 6 7 6 9 10 Families 
ASD 16.88 0 6.88 0 0 0 21.88 8.13 33.13 3.13 lo age 
genes RSD 20.63 0 5.63 16.88 0 0 29.38  0 0 7.5 
F Base population 1 2 3 4. 5 6 7 8 9 10 Families 
7t age APIS 
0 0 0 1.56 1.56 0 0 4.5.3 50.0 1.56 
genes 
RPIS 10.94 0 0 0 0 0 0 8.44 4.38 1.56 
F Base population 11 12 13 14 15 16 17 18 19 20 Families 
3.  age APIS 0 0 0 0 0 0 0 0 0 0 
genes 
RFIS 0 4.69 2.5 0.94 0 0 6.56 0 0 0 
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During the experiment the selection differentiab achieved and 
used in Figures 2 and 3 for response comparisons were in most oases less 
than those attempted, due to a loss of matings. To some extent, this 
loss of matings would be due to chance as for example, when a fly becomes 
stuck onto the fresh medium. Sinoe, however the selection differential 
is concerned with the average of the selected group, such a loss would 
not have altered the average of the remainder though this average would 
have been slightly lowered by the inclusion of spare matings. The loss 
of selected matings became increasingly severe in most of the lines after 
the first few generations and it is difficult to escape the conclusion 
that this loss was due to natural selection opposing artificial seleo-
tion. This was particularly noticeable in the assortatively mated lines 
where the ranked matings were numbered oonseiitively. There it was 
consistently found that the loss was heavier in the first half of the 
matings than in the second half. The differences between the attempted 
and achieved selection differential are apparent from Figure 5. It can 
be seen that the difference tends to increase throughout the period of 
selection in all lines. The extremely low selection differential in 
generation 13 of line APIS was the result of an accident. The selected 
flies of this generation were mixed. Since only the lowest selected 
flies in each family could be identified these alone were used to pro-
duce generation 14. 
The very high selection differentials and aoelerated rates of 
response in line ASD from generation 6 to 11 and in line RSD from gene-
ration 12 to 16, was the result of the appearance and fixation of a 
recessive gene scabrous in these lines. Line ASD was backorossed to 
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Kaduna unselected flies to determine the magnitude of the effect of scab-
rous in different intermediate genotypes. I am Indebted to Dr. Alan 
Robertson for the baokoross results shown in Table 3 • The numbers 
Wild type Scabrous 
8 9 Mean 
8,19 
6 9 Mean 
8/9 Mean 
ratio ratio difference 
47.2 60.1 53.65 .785 F1  
45,8 62.2 54..0 .736 58.8 87.6 73.2 .671 19.2 
Kaduna 
baokoross 2 41,2 50,7 45.95 .813 51.95 71.9  61.93 .723 15.98 
F2 
Kaduna 
Baokoross 3 35.57 48.1 41.84 .740 51.5 73.6 62.55 .700 20.71 
P2 
ASD 
Baokoross 2 4-9.5 61,4. 55,45 .806 59.5 88.1 73.8 .675 18.35 
ASD 
Baokcross 3 51,4. 66,1 58,75 .778  68.2 97.7 82.95 .698 24.20 
Table 3. 
involved in those baokorossea are small since scabrous shows a low via-
bility and the ratios obtained in F 2 s of crosses between D lines and 0 
lines differ significantly from 3:1 • In 1000 flies soored from 100 
families the ratio obtained was 120:880. It seems possible that scab-
rous flies appeared in ASO generation 15 since extreme flies of both 
sexes appeared in one family (Figures 5 and 6) though these flies were 
not checked for other manifestations of the scabrous thenotvte. Al]. 
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matings with flies from this family were sterile. Clayton (personal 
communication) found scabrous phenotypes in one of his lines selected 
for sternital ohaotae. He found it impossible to maintain scabrous 
stooks from this line. 
It is of interest that at the appearance of this gene occurred 
in the two lines at almost exactly the same mean count, approximately 
58 ohaotae. Ho ever, in view of the evidence of the baokorosses, it 
is difficult to give much credence to any theory of aooeleration. Any 
such theory would either require that the magnitude of the scabrous 
increased in the presence of a high bristle background or that the scab-
rous effect required a certain threshold before its effect oould be 
manifested. The baokoross table discounts either suggestion. 
The effect of scabrous on bristles is, nevertheless, so large 
that it would have immediately been noticed had it occurred in any of 
the previous generations and in view of the inbreeding which had already 
occurred (25% in ASD and 3 in RSD) it is surprising that the homozy-
gous scabrous was never encountered. In view of its low viability, it 
is possible that either selection (or chance) had i.rought to light some 
other gene with slight (or no) effect on bristles itself but with the 
ability to render the scabrous homozygote relatively viable. It is 
also possible that such a change could occur by crossing over. In any 
event if the presence of another gene were necessary to improve the 
vigour of the scabrous homozygote, it would also be present in a certain 
proportion of the F 2 scabrous homo zygotes and this would allow some to 
survive. 
Other effects of the scabrous gene were observed on the male: 
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female bristle ratio (Figure ) and on the phenotypic variance of the 
population (Figure 3). 
It is also possible that siother recessive gene of relatively large 
effect occurred in line ASD at generation 15-16. Certainly there was 
a large increase in the magnitude of the selection differential (Figure 
5) the rate of response (Figure 2), phenotypic and genetic variance 
(Figure 8). Further evidence is available from the behaviour of the 
RSD line. This line stabilised after scabrous had been fixed at the 
level of the RSD line before generation 16. 
The alias of the experiment were in no way served by the appear-
ance of scabrous since any comparison of selection treatments involving 
the D lines has little value after generation 8 in ASD and generation 
12 in RSD. 
Analyses of variances were made within each generation in each 
line and in some cases significant family X sex interactions were found. 
The F ratios and their significance are given for this interaction in 
each generation in each line in Table 4. 
One might expect that significant interactions might occur imme-
diately preceeding and during any impotant change in the male/female 
bristle ratio (Figure 4.) to some extent this is so though naturally inter-
actions of a type not selected could and presumably have occurred. 
(a) Variability. 
The frequency distributions of the base populations, gene-
ration five, ten and fifteen are shown for each sex and each line in 
Figure 6. On the whole, the d.istriutions appear to be normal though 
a skew may appear occasionally in the D lines and in generation 15 of 
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Family X Sex interaction F (variance ratio). 
0 
ASO RSO ASD RSD APIS RFIS 
1,4.0 1,40 1,47 1.4.7x 2.38xx 2.38zxx 
I 2,4.3x 2,15x 5.63xn - I,82x 2.17x 
2 - 2.19x 2.07 1.66 1,24 2j9xi 
3 1.98 1.16 1.98 2.Olz 1.42 1.10 
4. 9.9x - 1,11 1.96 1.0 - 
5 - 107 1.22 - 1.21 1.10 
6 - 1.4.1 - - - 1.30 
7 2,51x 1,50 1,51 1101 1.57z 1,86x 
8 2,31x 1,34 1,38 1.28 1.64.x 1.01 
9 2.14 - 2.32x - 1.56x 1.23 
10 - 1.26 1.11 1.08 1.50 1,05 
11 2930z 1,4.0 2.56z 1,58x 1.52 
12 - 1.20 1,90 2.11x 4..29zu 3.30xxx 
13 1.57 - - 4..54= 1.17 1.67x 
14 1,L). 1,08 3.04.xx 1.69 - 1.10 
15 - - 2,86xx 1,61 1.26 - 
16 1.82 - 1.00 - 
17 2.30x 1.22 1.81 2.l6i 
18 - - - 1.13 
Table 4.. 
The F values and their significance for Family z Sex interaction 
variance in each generation in each line. 
X 	Significant - P - 0.05 
xx Significant - P - 0.01 
xxx Significant - P - 0.001 
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the ASO line. In these cases th* appearance of a number of flies with 
extremely high bristle counts is responsible. This type of phenomenon 
Is generally followed by a rapid response to selection though in iSO 
generation 15 9 all of the matings involving the extreme deviants failed. 
Figure 7 shows the variability of the A lines and it can be seen that 
the high variability of £50 generation 15 to not typical. 
Figures 79 6 and 9, 'which show the variability of the six selected 
lines, were derived from within geniration analyses of variance between 
and within full sib families. The use of the term genetic to express 
2 X (the between family variance component) may be a little misleading 
in the cas* of the assortative mated lines since this presumably pro-
jes a biased estimat. of 4. Since the exact nature of the bias can-
not be estimated for conditions of continued sseortativ. mating with 
selection, it was considered desirable to present the components as 
genetic for comparison with the random mated lines. Similarly, the 
estimates of heritability in Figure 10 are derived directly from the 
data presented in Figures 79 8 and 9. 
Regressions of offspring on aidpar.nt for each generation in each 
line are shown in Table 5. It can be seen that the regressions tend to 
become smaller throughout the experiment. 
Pooled within generation full sib intraclass correlations are 
shown in Table 6. 
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.292 .135 .279 .277 .584. .54.0 
1-2 -.038 .160 -.626 -.027 .393 .574 
2-3 .100 .619 .307 .184 .197 -0.89 
3-4. .310 1.11 .797 .935 .4.75 .470 
4-5 .730 1.05 .104 .310 1.150 .176 
7i 5-6 -.120 0207 6j+ v.702 030 .582 
6-7 .325 -.150 .296 1.543 .195 .372 
7-8 .414 .044 .233 -.062 -.256 .305 
8-9 -.096 .661 .i18 .204 .611 .4.81 
9-10 .497 .551 .090 .560 .210 .215 
10-11 .043 .071 - .163 .500 .415 
11-12 -.012 .819 -.497 -.34.6 .14.5 0345 
12-13 .487 -.303 -.478 .098 .391 .313 
13-14 .84.8 -.121 .216 .545 -.029 .376 
14-15 1.180 .4.03 .655 .575 - .724. 
15-16 -.11.88 -.204. .634 .288 -.150 -.172 
16-17 -.078 .250 .003 .120 
17-18 .112 -.597 .015 .34.3 
18-19 -.059 -.855 .083 1.096 
Table 5. 
The rsseione of offspring on aid-parent for .aoh gnerstion 
in •aoh line. 
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Intra class correlations. 
Generations 1-8 8-final. 
JkSO 0,123 1 0,031( 1 ) 0.104 0.029 
RSO 0.160 t 0. 040 0.068 0.019 
ASD 0040 ± 0,035 - 
RSD 0.086 0.024 - 
AFIS 0.172 0.033( 2 ) 0.111 0.02 
RFIS 0.14.5 0.028
0) 
 01068 0.018 
Table 6. Pooled within generation estimates of heritability. 
(i) Generations 15 and 17 omitted. 
Generation 5 omitted. 
Generation 4. omitted. 
(ii.) 	Generation 15 omitted. 
(Generations omitted from analysis on grounds of non-orthogenality 
or abnormal 'variances or both). 
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(d) Assortative mating. 
In the mating programme of the assortative lines, the 
selected males and females were ranked from the highest to the lowest 
scoring and mated on rank. This meant that regardless of losses of 
mating, reasonably high phenotypic correlations between mates were 
obtained. In the random mated lines, however, apart from chance, 
correlations between mates could only occur by heavy losses of matings 
since the selected flies were always divided into two levels for random 
mating. 
An examination of the correlations between mates shown in Table 
7 reveals that, while the values obtained in the assortatively mated lines 
were consistently high, the values obtained in the random mated lines were 
generally low at first but later, as loss of matings became more important, 
positive correlation coefficients were achieved. Their dependanoe upon 
the loss of matings can be found by comparison with the random r.tin 
seleotion differential results shown in Figure 5. 
The differences between assortative mating and random mating in 
response in each generation for each pair of lines is shown in Figure 
If • The effect of the scabrous gene on the comparison involving the 
D lines after generation is clearly shown and it is probably desirable 
to ignore this difference after generation 8. The standard errors given 
below for the differences between lines plotted in Figure 11 are not 
suitable for D line comparisons beyond generation 8. 
The standard errors for these differences are 
APIS - RFIS, 	0.273 
ASD - RSD, 0.356 (generations 0-7) 
ASO - RSO, - 0.379. 
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Table 7. Phenotypio Correlation between mates. 
ASO RSO ASD RSD AFIS RFIS 
alues 
0 0.923 0.084. 0.927 -0.443 0.677 0.f38 0.910 0 •01f8 
1 0.869 -0.077 0.875 -0.134 0.383 0.094. 0.938 0.535 
2 0.919 0.100 0.84.7 -0.14.5 0.574 -0.173 0.813 -0.392 
3 0.833 0.182 0.970 0,559 0,442 0.239 0.800 0.339 
4 0.932 0.224 0.900 0.077 0.592 0.126 0.960 -0.044 
5 0,64.1 0.025  0.495 0.588 0.351 0.313 0.972 0.934. 
6 0.853  -0.148 0.962 0.24.5 0.313 -0.003 0.969 0.187 
7 0.963 0.152 0.757 -0.415 0.262 -0.528 0.779 -0.339 
8 0.910 0.223 0,793 0.071 0.4.30 0.373 0.964. -0.008 
9 0.94.0 0.490 0.897 0.066 0.836 -0.255 0.988 -0.005 
10 u,96 0,600 0.451 0,4.25 0.617 -0,056 0,988 -0.496 
11 0.982 0.4.36 0.932 0.616 0.504. -0.038 0.94.0 -0.329 
12 0.972 -0.024  0.935 0.464  0.835 -0.265 0.970 -0.139 
13 0.878 0.519 0.458 0.709 0.295 -0.223 -0.077 0 .130 
14 0.759 0.559 0.959 0.505 0.676 0.789 06950 0.901 
15 0.899 0.463 0.990 0.752 0.650 0.335 0.990 0.867 
16 0.935 0.521 0.907 0.587 
17 0.868 0.105 0.977 0.94. 
18 0.978 -0.029 0.965 0.508 
19 
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The F line differences are significant from generation two onwards while 
the 0 and D line differences become significant from generation three 
and two respectively. The regularity of the F line is presumably due 
to the fact that 400 flies were measured each generation compared with 
200 in the 0 and D lines. 
The F line difference is significantly greater than the 0 line 
difference from generation three onward with the exception of generation 
9 whereas it is only significantly greater than the D line difference 
in generations 3, 5 and 7 before the effect of scabrous renders the com-
parison invalid. The D lines difference significantly exceeds that of 
the 0 lines in generations 2, 4 and 6. 
In general the results are in line with the suggestion that the 
effectiveness of assortative mating genetically affects the difference 
between assortative mating and random mating in a selection programme 
since the accuracy of assortative mating is greatest when based on an 
index. Also the preliminary inbreeding of the 0 lines would slightly 
lower the accuracy of the assortative mating at genetic level (actually 
the values of m expected in the assortatively mated base generation 
would be 0.50 for AFIS, 0.46 for ASD and 0.40 in ASO). 
(e) Index Selection. 
The experiments carried out allow four comparisons between 
index selection and individual selection though none of these comparisons 
are paired in the sense of the lines arising from a single base popu-
lation. Two of the differences are between aasortatively mated lines 
and the other two random mated lines. The differences are shown for 
each generation in Figure 12. Once again comparisons involving ASD are 
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only useful before generation 8 and with RSD up to generation 12. The 
other two line differences in Figure 12 are conoerneci with the differences 
between the D lines and the 0 lines since this may result from the inbred 
base population used in the 0 lines. 
The standard errors of these differences are as follows: 
APIS - ASD O.337) 
ASD - ASO -0.372 	generations 0-7. 
APIS - ASO 10-33J 
RFIS - RSD 
RSD - RSO 
) 
iO.364 	generations 0-12. 
RFIS - RSO 0.325) 
The only full comparison in the assortatively mated lines is 
that of APIS - ASO (significant from generation I onwards) and this will 
include not only the effect of the index selection and mating but also 
any effect arising from the inbred base population of the ,,SO line. 
This difference continued to rise until generation 6 after which it re-
mained constant until the end of the experiment. 
The difference AFIS-ASD (significant generation 2-7) rose irregu-
larly until the appearance of scabrous ended the useful period of comparison. 
The differences in the random mated lines between index selection 
(RFIS) and the two mass selected lines were all significant after gene-
ration 2 and remained so until the aDpearance of scabrous in RSD at gne-
ration 12. RFIS-RSD increased until generation three after which it 
showed no change ufltil generation 12. RFIS - RSO rose until generation 
6 after which it remained approximately constant until generation 11 
after which it dropped to a new stable level until the and of the experiment. 
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(f) Inbreeding. 
Average lsvels of inbreeding were computed for all line, in each 
generation and are shown in Figure 13. For comparison, curves showing 
the expected inbreeding for effective population class of 5, 10 and 20 pairs 
of flue, are shown in this graph. The greatest rate of inbreeding vas 
observed in line AYIS which had an actual population else of 20 pairs per 
generation. The inbreeding rate in this line was equivalent to only two 
pairs of flies per generation at first and an examination of Table 2 shows 
that 95,3% of the genes in generation 4 were derived from two families in 
the base population. By generation 6 this had risen to 98.3% from the 
pedigree study. With the exception of lines AFM and HS0 9 none of the 
curves shown in Figure 14 were significantly non linear. Tbe very rapid 
inbreeding rise in RSO during the initial generations was brought about 
by the appearance of a family with a mean of 5 bristles above the generation 
an in generation 1. As a result, ten out of the twenty flies which were 
parents of generation 2 were selected from this full-sib family. The 
effect of such a bottleneck 10 to shor a higher rate of increase in the 
average inbreeding level for several generations. 
The fact that the inbreeding 1.yels are the average P of all of 
the families means that, though the inbreeding coefficient in a single 
family may rise rapidly, it is not until the genes of that family either 
spread right through the population or are eliminated by selection, I. the 
effect completed. The few oases of a drop in the average 7 value are 
the results of the elimination of a highly inbred group. The graphs 
illustrate well the temporary nature of such fluctuations. 
If, as postulated, the selection practised is a determining factor 
in the level of inbreeding .chimd, 	would expect this to be reflected 
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In an association between the level of inbreeding in a family and the 
performance in bristle score of its members. Purther, if the level of 
inbreeding to associated with lower vigour, then the existence of a strong 
positive relationship between ehaeta score and inbreeding may lead to a greater 
loss of matings. The regressions of score on inbreeding for each generation 
in each line are shown in Figure 15. Th, average regression is positive, 
0.134 ohaetae per percent inbreeding. 
The striking rise in size and variability of these regressions in 
L3D after generation 8 and in BSD after generation 12 provides an interesting 
example of the association between selection and inbreeding while the effects 
of a single gene (scabrous) are under strong selection. The larger 
population miss in AFIS and RM than in the other lines makes therregression 
coefficients a little less variable but on the whole these regressions are 
difficult to tgtrpr.t. 
In lines like APIS where the effective population size is considerably 
less than the actual population size and it is therefore possible for the 
effective sic, to be increased, it is found that negative values of these 
regressions are always associated with a lowering of the rate of inbreeding, 
suggesting that the elimination of the more inbred families which causes 
the lowering of the average inbreeding level was again a selective effect. 
Another effect of inbreeding is shown by a comparison between the 
regressions in Figure 15 and the differences between expected and achieved 
selection differentials shown in Figure 5. When high regressions are found, 
there is generally a large drop in selection differential, presumably due 
to the lower vigour of the high-scoring, relatively more highly inbred 
families. 
Relationships between inbreeding, chaeta score, fitness, response 
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aM betyesn.famil7 verianoes are complex and are unlikely to be uxa've11ed 
by simple ooapari.ara. 
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V. Discussion 
The general impression arising from theee selection comparisons is 
that the results are in agr.enent with what eight have been expected froe 
the arguments presented in the introduction. In all three oosparisons, 
the use of aesortative eating allowed an increased response to selection 
to be made compared with that under random eating. This additional 
response in all comparisons seemed to be associated with a slightly greater 
response per unit selection differential applied, that 1., a higher 
heritability, and in the D and IF lines a greater average selection differential.. 
In the 0 line., a number of features showed a difference from the D and P 
line., and one such factor was the lower cumulative selection differential 
of the 1.80 line. 
Actually the expected selection differentials were consistently 
higher in 1.30 than BS0, but from generation 8 onwards losses of selection 
differential in 1.30 (Figure 5) lowered its achieved selection differential 
below that of RSO, W generation 12 the cumulative achieved selection 
differential in BSO bad surpassed that of 1.80 9 and this position was maintained 
and accentuated until the and of the comparison. From generation 9 9  
following the advent of the persistent loss of selection differential in 
ISO, the rate of response in ISO was lowered and the difference between 
the lines diminished rapidly until generation 12 (Figure U) when los..s 
of selection differential response mad. the rate of advance in the two 
lines approximately equal. 
The rat.s of inbreeding in the D and P line comparisons were again 
as one might expect if inbr.,ding were associated with selection and the 
agi1tnts of the b.twe.n-fazily variances. The greatest rate of inbreeding 
was achieved in the line in which family weighting. (whioh do not show in 
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the between-family h.ritabilities of Figure 9)  and asaortative mating 
conbined to increase the between family variances. Certainly the 
difference between the rate of inbreeding of the P line, is greater than 
that between that of the D lines. In the 0 lines again the difference 
was not as expeoted, HSO being more highly inbred than ISO. This was 
initially due to the appearance of an extremely high scoring family in 
ESO generation 1. The level of inbreeding in ISO may also have been 
held back by a small but consistent negative regression of score on 
inbreeding within generations from generation 6 to U and the persistent 
loss of selection differential in this line from generation 8 onwards; 
this loss increased after generation 12 when a series of high positive 
scores on inbreeding regressions were obtained. It should be noted 
that Clayton et a].. (1957) did not take into account an inbreeding effect 
of selection in their estimate of the amount of inbreeding in their lines. 
This may affect their conclusion that the variance between their high 
selected line, was greater than one would expect from genetic drift alone. 
The third feature in which the 0 lines disagreed with the F and 
D pairs was the level of plateau reached by the A and R lines respectively. 
APIS and ASD ceased to respond at a higher mean score than RuB and RU 
respectively while at generation 19 130 and RSO were not significantly 
different though RSO was 0.2 cha.tee higher than ISO. However, after 
5 generations of relaxed selection with random mating *50 was two bristles 
higher than RSO, and the two lines were almost identical in mean score 
with their position at generation 18. 
If the behaviour of selected lines is determined by the base 
population sample and the loss during selection, one would expect that the 
line showing the greater rate of inbreeding would reach a plateau at the 
lower level, provided the base population was identical. The reverse 
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occurred in the I and D line comparisons • This suggests that the loss of genes 
during selection may not be so important where a more effective seletion 
procedure is responsible for the higher rate of inbreeding. The alternative 
explanation is that is both th* 7 and D pairs of lines the assortativ.ly 
mated bass populations both contained a greater potential than the randomly 
mated base samples. While this is certainly possible, it should be 
remembered that over 98% of the genes in APIS came from two h. f-sib families 
out of twenty. 
8ome information on the differences between the pairs of lines at 
plateau is available from selected lines established from crosses within 
the thr.e pairs of lines. 
The P line cross was made at generation 13 and after 8 generations 
of selection the line selected from the cross (FF) was discontinued. Its 
chaste, score was 64 9 almost identical with APIS when it was discontinued 
because of low fecundity at generation 16. 
ASD was selected until generation 24 9 after which selection was 
discontinued because of low fecundity; selection was then relaxed and the 
une scored for another five generations with rotational matings. At 
generation 24 ASD had reached 90 ohsstae and after two generations relaxed 
selection it rose to 91.5 and then fell for three generations to 88. 
The line (DD) selected from a cross between ASD and RSD at generation 
19 reached 91.5 after seven generations of selection and at generation 11 
had reached 92.5 ohaetae. 
The line selected from the 0 line cross (00) rose slowly for seven 
generations to a level two obastas above the mean of the 0 lines (59.5) wien 
discontinued at generation 19 after which it has risen steadily for another 
five generations to 67.5 chs.t&s. 
Since the genes which differ in different lines should have a 
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frequency of approximately 0.5 after a cross, selection should be extremely 
effective immediately following such crosses. In spite of this the lines 
selected from crosses within pairs did not readily overtake the level of the 
higher line entering the cross. This is in contrast with the results of 
selection from such crosses by Mather and Harrison (1949), Robertson and 
Reeve (1952) and Clayton and Robertson (1958). 
Results more in line with those of these workers occurred when a 
selected line (10) was drawn from a cross between PP (64 ohasta.) and 00 
(61 cbaetae). This root rapidly to 72 chaetaa in three genrations, after 
which response ceased abruptly and remained constant until generation 6. 
This evidence suggests that the differences between pairs of lines 
was slight and that the lower line of a pair ccmld not contribute anything 
to the higher line. Than any loss which occurred during selection probably 
occurred in the random-mated line., though the possibility that the A lines 
Obtained wider samples from the base population cannot be checked except by 
more replication. Evidence from cross., between the lines suggested 
strongly that the differences between the lines were due to recessive genes 
in the higher line. Thus aesortative eating may have been more effective 
in raising the frequency of rare recessive gene 
The difference between the results obtained from the 0 lines and 
those from the P and D lines may have arisen because of the difference 
between their bass population treatments. The 0 lines were drawn from 
a randomly mated line (10 pairs per generation) which had been mated on 
a rotational basis to limit inbreeding. The rotation had been upset slightly 
because an attempt was being made to keep its pedigree structure identical 
with that of two other line, run concurrently. I.verthele.e nine of the 
families had reached the same level of inbreeding, 9.375%, and one was 7.81%. 
The coefficients of relationship between the families formed a graded series 
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from zero to 0.3125 1, except in one case when it reached 0.156. 
When the metings were made in generation zero, an attempt was .i4e 
to equalt.o the selection differentials, to use flies from each 0 line 
from each family and, where possible, to use the same combinations of 
parentage, though the limitations of the mating system rendered this 
ineffective. The result in generation 1 was a eerie, of families with 
the following range of inbreeding coefficient. (p.rcn tag..). 
iSO - 0.09 0.0, 0.09 0.0 9 0.09 2.3, 3.1 9 4.7, 4.7 9 10.9% 
RSO - 0.09 0.4 9 0.49 0.4 9 3.1 9 4.79 4.79 10.99 10.9% 
It can be seen that th* range of inbreeding coefficients of the 
families is highly variable. The extremely high scoring family which 
arose in R50 generation 1 (mean score 38.57 che.tae) bad an inbreeding 
coefficient of 4.7% and a mean score of 43.5  chaetas. It had three 
families of double first cousins, one in R50 with 40.15 ohaetae and two 
in ASO generation 1 (mean score 39.23 chaetae) with scores of 59.85 and 
39.55. The contribution made by this high family in generation 1. reached 
67.5% of the gene, in BS0 generation 5. 
It does not seen unsssonabls to attribute the different behaviour 
of the 0 lines to this inbreeding effect in the base population. 
The evidence on the effectiveness of family selection is in line 
with The theoretical expectation of an increased response of 74% under 
random mating. The actual increase in response in the random mated line 
with index selection was 11.1% compared with RSD and 35.3% compared with 
ISO at generation 5. The equivalent increases in assortativ.ly meted lines 
were 26.5% and 36.4% respectively. No theoretical estimate is possible 
for the assortatively mated comparisons, though it in of significance that 
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the superiority of index selection was greater with assortativs mating. 
When the inbreeding of the bass population is talon into account, 
the response in HBO should theoretically have been 93% of that in MDt it 
was in feet only 8$ at generation 5. Because of this, there was an 
abnormally large difference between EFIS and 350. 
Considering the inbreeding of RSOp index selection in EPIS would 
thoretieally be rcepostsible , for a 13% increase in response over BSO. At 
generation 5 the observed increment was 
Wvsrtheless, the agreement between these observed and expected 
values is reasonably good when one considers that the design of the 
experiment was such that only the A versus I comparisons were unaffected 
by bass population samples • The 0 9 D and 1' base populations were sampled 
from the Kaduna cage at different times. Even if ey had been sampled 
simultaneously, the fact that they were subject to an average inbreeding 
of 17.6% at generation 5 would have meant that the standard deviation of 
line some at generation 5 due to genetic drift alone would have been 0.873 
chaetae ( 27 o). Though the experimental lines were sampled in pairs, 
the actual standard deviation between line means at generation 5 was 4.11 
chaetse. These values suggest that the deviations of the differences from 
expected in the index individual selection comparisons is elighti further, 
the probability of the differences arising from chance alone iS negligible. 
The general implications of this work for animal breeding are 
considerable. The so-celled aids to selection in animal breeding are 
mainly variations of family selection, family-, progeny-, sib- and ancestor-
selection. Pbs.e all became relatively more effective in improving the 
response to selection as the heritability decrease.. 
Aseortative meting, on the other hand, becomes more effective as 
heritability rises, because of its , dependanee on a which equals rSD h 
39. 
Since the normal aids to selection increase h2 they can all increase the 
effectiveness of aceertative mating even with high heritability characters. 
In recent years thai'e has been a growing realisation that, as a 
g.naralieation, characters fall into a spectrum from high to low heritability. 
At the high heritability end of the spectrum we expect, beside 
a rapid response to selection, very little non-additive genetic variation, 
no inbreeding depression and no h.teroais in crosses. Abdominal chaeta 
scar. in Drosobila is an excellent example of such a character. At the 
low heritability and of the spectrum, we generally expect poor responses 
to selection, inbreeding depression, betezosis in crosses and a marked 
sensitivity to environmental conditions. Other characters are intermediate 
in these features. The general tendency is that the high heritability 
characters are not closely related to reproductive fitness, or say have 
coma intermediate optima, while the characters more directly concerned 
with reproductive fitness are mostly of the low heritability type. When 
we select artificially, we do no more than to add eothe omponent to the 
general fitness syndrome of our experimental animal • The general finding 
Is that The high heritability characters tend to move towards the low 
heritability type under selection, though no-om has yet demonstrated inbreeding 
depression and b.teroais in characters which were originally of the high 
heritability type. This may merely reflect the different time scale of 
selection experiments from that of evolution. 
However, one evolutionary consideration of the general finding that 
characters tend to respond to selection for only a relatively short period 
before reaching a plateau seems to have been overlooked. 
If a species is in equilibrium with its environment and then conditiong 
change rapidly, probably a number of characters which allow better adaptation 
coma under selection simultaneously. The amount of selection each receives 
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Is related to its phenetypjo variability and adaptive  value. The result, 
as far as the species is concerned, ii mar. complex b.oau.e adaptatiom also 
depends upon the response to •eleotion, 1 ,0- the heritability, and the i.v.1 
of the plateau possible from the base population availabj. Furthermore, 
at plateau many characters - or even the same character under djff..it 
circumstances - may shoe extremely high variability; and this will allow 
a pxoportionately higher fraction of the available selection differential 
to be dissipated. Thus, if the species is not adapted to the new conditions 
at this stag., its ability to compete interspecjfjca]]y is  lowered. The 
consideration of seledtion responses and limits for the different types of 
character is therefore important from the evolutionary as well as the animal 
breeding or artificial evolutionary point of view. 
Both in animal breeding end rapid evolution, the high heritability 
characters are of considerable importance for in both ons would expect 
approciabl6 changes to accrue from selection in fitness or low heritability 
characters only after recent crosses between divers, strains. 
In animal brooding the problem of rapid response and maximun plateau 
Is just as Important an in natural evolution. For any character, those two 
aspects of selection are related to the base population and the amount of 
subdivision of the selection practised. In animal breeding the current 
emphasis on pure breeds and closed populations is likely to be quite undesirable, 
particularly for low heritability characters. For high heritability characters 
It is often assumed that mass sleation is adequate,, since the available aids 
to selection give such a email improvement in selection response that the 
operational problems associated with their use are not justified. 
In the experiments described above, using a typical high heritability 
character, the greatest eff.ot was obtained by the use of easortative mating 
with a conventional animal breeding technique. In low heritability c1araet.rs 
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the reponse is likely to be less but amos conventional animal breeding 
techniques are ,e commonly used hare, 	the additional use of aseortative 
mating presents no operational problem and is likely to give some extra 
selection response. In sush charactere one might also reoomsend tile use 
of regular crossing followed by periods of aided ..leetion and aasortative 
mating based on the aid used. 
Another aspect of animal breeding is the current emphasis on the  
else of the selection operation. The evidence presented here for an 
intensity of selection comparable to the average of melo and female selection 
intensities obtained with most domestic animal species suggest. that the 
•ff.ctive population is very considerably less than the actual else. Further, 
under conditions of igh heritability (high between-family variance) and 
intense selection, this in necessarily so. Since under these conditions 
chance lose of genetic material becomes more probable, the use of replication - 
both within and between base population samples - is probably desirable. 
In animal breeding one might consider the problem involved as one 
of adequately sampling the population, which say include the whole specie., 
to ensure that all useful genes enter the improved population. Tb.reefter, 
crossos would be made (probably assortatively) to limit the number of lines 
for selection with aseortative mating. After a few generations one might 
expect t'- e reaionse to selection to be fll1nr off, so that selected lines 
would nain be crossed aseortativc.y to increase response by utilising the 
between-line variation. This between-line varimi es would be readily usable 
immediately after a ores., since genes differing in the two lines would be 
at a gene frequency of 0.5. 
In an overall scheme of this type one can visualise the most effective 
use of aseortative mating. Such a scheme would allow a greater selection 
response to be obtained yet would continually replace the genetic variation 
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last as a result of the greater inbreeding invalvs4 With  efficient 
assortation genetically. 
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VI. $urY and Cpplueioni 
In the absence of a theoretical examination of the effectiveness 
of assortetive mating with selection, an experiment was carried out to 
compare essortative with random mating in lines selected for high abdoeinl 
cha.ta score in Dro.oi,bila melanoewter. 
Three paired replicates were mad.; two involved selection and mating 
based on individual phenotypes and in the third selection and assortativs 
mating was based on an index of weighted family mean and individual phenotype-
The index was used to allow a more aecaziat* selection and aasortative mating 
genetically. 
The intensity of selection in all lines was one in ten. 
Comparisons were poasibie between aasortative and random mating with 
selection and between index and individual selection. 
In all cases assortative mating gave a greater response to selection 
and this was partly uue to a greater realised heritability and in two 
replicate, to a greater selection differential. 
In two replicates the rate of inbreeding was greater under aaeortativs 
mating than with random sating. Tbo highest rate of inbreeding was achieved 
with a combination of assoxtative sating and index selection, though the 
index-seleoted lines were twice the actual use of the mass-selected ltr.ee. 
This is in accordance with the proposition that the rate of inbreeding during 
selection is related to the variation between families and the intensity of 
selection (constant in these comparisons), sine, the between-family (and 
total) variation was consistently higher in the assortatively mated lines 
than under random mating. 
Index selection with random mating gay, an increased response to 
selection, and this increased response was of the order expected from 
theoretical considerations • The diff.renoe between assortative and 
randas mating ism greater with index selection and aasortatSve mating 
than when selection and assortative mating were based on individual 
phenotypes. Thin appeared to be due to the more accurate assortment 
of mates genetically. 
It is suggested that ..s.ortative mating is a method of obtaining 
an increased response in selective animal breeding. Its particular 
characteristic Is that it becomes a more powerful tool under conditions 
of high heritability, whereas all of the conventional aids to selection 
used in animal breeding become relatively more effective under low-heritability 
conditions. The use of these conventional aids to selection in conjunction 
with assortative mating is likely to be justified under high heritability 
conditions, since they allow a more accurate assortment of mat.. genetically. 
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Figure 1. Response to individual selection over 19 
generations. Selection intensity 10/100 
of each sex. Generatiou means based on 
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Figure 2. The relationship between response to indi-
vidual selection (as in Figure 1) and the 
cumulative selection differential applied. 
The slope of the line at any generation is 
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Figure 3. ToR. The relationship between the response 
to index selection of 20/200 of each sex 
and the cumulative index selection differ-
ential applied. Centre. As for the top 
graph except that the cumulative selection 
differential is expressed in terms of 
phenotypic mi.ns. Bottom. The response 
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Figure 14,. The male/female ohaota soore ratios for 
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Figure 5. The attempted and achieved seleotion dif-
ferentials in each generation for each 
line • The differences between the two 
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Figure 6 . Frequency histograms for oha.ote• score in 
each sox for the three base populations 
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Figure 7. Phenotypia and genetio (twine the between-
family varianoe oomponent) vari.noe for 



























Figure 8. Phenotypic and genetic (twice the between-
family variance component) variance for 
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Figure 9. Phenotypic and genetic (twioe the between-
family variance component) variance for 
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Figure 10. Heritability values for eaoh generation 
in each line. The heritability values 
based on the genetic and phenotypio 




Figure 11. The differences between assortatively and 
random mated lines in each generation 
based on the generation means shown in 
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Figure 12. Top. Differences between assortatively 
mated lines. 
Bottom. Differences between random mated 
lines. 
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Figure 13. Average inbreeding coefficients for each 





Figure 14. 	Log (14)  values for each g.nerition in saab line. 
F is the average inbreeding coefficient shown in Figure 13. 
(1-3) indicates the xpeoted genetic variability remaining in 
the in... The slope of the curves give, an indication of the 
effective population size at any generation, thus ourvelinear 
regressions mean that the effective population size changed 
throughout the experiment. 
The values of the regression coefficients are ehown below, 
all are highly significant. 
£50 bi - -0.0141 (equivalent to a rate of inbreeding of 3.2% per generation) 
- 0.0003 
R80 b - -0.0151 ( 	 " 3.4% 	" 	) 
AM b --o.oie6( " 	 " 4.2%" 	" 	) 
RZD b - -0.0163 ( 	 3.2% 0) 
£vmb1--0.o161( 	 " 	" 	"3.6%" 	 ) 
- 0.00020 
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Figure 15. Top . Regressions of mean family ohacta 
score on family 	roeing coeffi 
oient expressed as a percentage for 
each generation in lines ASO and RSO. 
Centre. As above for lines ASD and RSD. 
